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PROBLEM TO BE SOLVED: To reduce the detection 
error of multi-valued data even if the distribution of the 
multi-valued data on a recording medium overlaps. 
SOLUTION: A multi-valued data detecting part 8 stores 
a table storing the assortment of a plurality of digital 
data corresponding to the assortment of a plurality of 
multi-valued levels. An A/D converter 6 converts the 
reproduction signals of the multi-valued data recorded 
on an optical disk 10 from analog signals into digital 
signals on the basis of the reference clock of a PLL 
circuit 7. The multi-valued data detecting part 8 obtains 
the assortment of the multi- valued level on the table in 
which the sum of the absolute value of each difference 
or the sum of the square of each difference between a 
plurality of continuous digital data obtained by the 
conversion and the digital data of each assortment on 
the table becomes the smallest. The multi-valued level 
of the obtained assortment is outputted as a detection 
result of the multi-valued data. 
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[0 0 5 2] lf:i)^T, CC7>m4HJS^S§03t J f-rX 

Mfv^;i,f-^<1:, iEftfflSfcoTs;*^— *■ 
«t y tuofs* ^T f -*©ftaa«*iz»-5< 

v*;^— £ JSlRa^i?* \zj$fc-r 4 

[0 0 5 3] -Tftteft. JIf-$J!i<ES**ifcES8 
b OW^^i^- p ? >7 izS-^x A / D £ft 

U A/D^«|LT#btlfc2li]^±(7)a^-r^7 f — ^ 

£ t— z?H>±<Dmfem t its l r zm?— $ & & 
(Stonily) \zKfc-?Z>nm(DT- 

t z> ft k o ^*t-e*tcDMa>$fe»fiix i* - *a>#n*<« t /jx 

^ < ^^^fiUK;uo^iJ- (lay : n <i) IzfclNT 
[0 0 5 4] ^4HSfe^C7)3tT r -<X^^±SS 

^3Q>mmmkwm\z^ mx^2io)^if- 
M oo w r*feof=ii^*iaB^-r^>o cos 

Pgt?, A/D^§§6^t>^— ^ (x1, x2) ^A* 
L. x 1 (7)^-^^tH^^51i^. k^-7 
J\,mk0>mMk Its *C0»7C0D 1 (tia8^D2 $g 
/IMC-T ^ k <h j k <D8^1*SStp D 1 k D 2 £Jfc3£ L 
T D 1 < D 2 T*fc^H^!i. D 1 *«/N=T * k ^ x 1 

o^aiemi^-r^o Di>D2t*fc§^ii, D2^i 
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/Mc-r j k cd j $■ x i ©tttaeafc-r & e d 1 

= D 2 DKD2, D 1 > D 2 <7H^ *l 
— £ (x3) tffiffiLt, *(DS9 tfiJ^rlz^^T 
[O 0 5 5] 

[Sfe 7] D1 = | x 1 - c O O k | 
[0 0 5 6] 

[gt 8] D2=|x1-bOjk| + |x2-cOjk 

I 

[0 0 5 7] 

9] D 3 = | x 1 — a i jk| + |x2-bi jk 
| + | x3-c i jkl 

[0 0 5 8] &fcb Lfzl^T — £ SxUU 

£\ xl£«£t;(0, O, xl) (O, xl, x2) 
(x1, x2, x 3) <D3mWr— ^ JU t OBMifim 

o>?—9 z ^t^ga® y o 3 iof- * * t- y^t tt 
[0059] fcfc. j&-rL*3ffiyf£i*-ei*«i:<. 

(O, O, xl) (O, xl, x2) (xl, x2, x 
3) <D?1b<D (O, O, x1) i (O, xl, x2), 
(O, x1, x2) t (x1, x2, x3) , fc£lMi 
(O, O, x1)i(x1, x2, x3) (D2iyjS 
fflLTt&l*. COcfc^lcLt, C<DSK4SBKJ£tt4>36 

r^^i^stt'it ^tt^T'CD^fii^-^eiaijgm 

[0060] (5) «5£tm 

:©f-^Ut A/DjE**6<De!y h»S 
(xl, x2, x 3) 4. BKIZaclfeT— 

i&to&mT-fo&ZKDmi ocDD^fi/Mz-r-s i j k 

[006 1 ] 

[» 10] D= I x 1 — a i jk| + | x2-bi jk 
l + l x3-c i jk I 

[0 0 6 2] »5KttHm<&*«T*— *«ffl«8l* % $L 

* 'J* * < ft « UK;uo«*-er <fc * IB® L fr iF- :?;u 
[0 0 6 3] _tiBA/D^g|S§6, PLLIH3K7 



^CDtvSUUt— $ i:<7>^+t^*LCDM<7>^fiiCDfaXli 
[0 0 6 4] LfcA^T, CCDmsllffi^O^^^X 

M£fl4ts*9 □ * ic»^^rr p 
of*;*;i^f- * ^o^-e^coS^JB^fitcDSixl*-?- 

[0 0 6 5] *#IB«*:hfcIB«tt 
U A/DttLt»&W:n (2J3lJta>MQ f0l 

a>n9R9y) I^^^SneOT-^Offlt-tiHA^T 

fi4i/h4<fts^ffiL/^KDffl^i± day : ni) *< 

[0 0 6 6] JM^ msUffi^ggCD^T-fX^W^S 

/ D K«« 6 6 iiJ * ZtitzMffiir £ 3 ficDT-^ £ x 
— ^UCA*LT3tfl)Jfflf- ^^ttl^-TSo -1-CD3 

3i (x1, x2, x3) <Dt—$ £A£j L. 31! 
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[0 0 6 7] 3mt t&mit^iZ j <D?+£&m-? 

£fi. i, klix 1 (affrO)^— $t x Z<to'4k<J)=r— £0> 
fc* x 3^^m-T^ii'&li J f — ^UIC (x 2, x3, x 

[oo68] (e) memm^m 

[oo6 9] menss^sio^fit^-^eiaispsii. « 

§ t /J> 3 < * £ U *;KZ>*i£l± <h £ EH L T - ? 
[O0 7 0] ^fc, ±EA/D^&§§6, PLL087 

^fr v$ ;Ml-i|^& u ^a^&lc^oTlit,*!, 
m^TVZJlsT-ti £±E^-^uizS^T*ffl£-i* 

-To 

[0071] lybr, zomemmmmo^^cT, 

SEttLfc^f-^U^U E§*J£ttlcE«i2;h*:£fii 

^bfv^;Hi^tSL, oT#t>;h, 

<j> t i> $ ji-T- $ $ ^^an (Dmffi-? z> t *j * fr?- 



t\,0) JlE*0 A^/hO 1 0 left JE-T 0) £fl 

l/*;u**»^— *<D*ai»*4: Lxai^-r^o 

[0 0 7 2] -tfcfr^ ^tt^f— *A<Eflk**lfcE»a 

U A/DtSLtfb*lfcn (2J5l±0M») <I<Z>5I 

JtlB^-^Ucfinfi^^SI-r^ffmoA^^— 
*I=»U latinflOMl/K^ifidt (£11 

onfltau) ir^-r^niKDr-^ofitirifaA*^ 

t<D*tl?tL0>m (nil) <Dtt#ffiXI*-*0>fi]*< 

[0073] SeSgJt^ffi^^r-r 

T. A/DSSS6^^^Jg|-r^,4<iCD J f— ^ (xl, 
x2, x3, x 4) £A2lLw x 3 0f- ^^di^^Td 
miS&WiWt&o (xl, x2 r x3) 

;KCA^LT^ffiU^;U (s 1 , s2, s3)<t^g|<7) 
g/jNffl r 1 £*§& 0 «(C (x2, x3, x4) Jf- 
^HcA^Lt^ll/^ (t 2, t 3, t 4) £JE« 
OI'M r 2 £f#& 0 

[0074] r 1 < r 2T?fc^li^li. s 3 * x 3 (Dg! 
ffiSSit-r^o r 1>r 2T'ife^li, t3$x30 
ttUISX^r«. r1=r2tft^lt rKr 
2, r 1 > r 2 0>^ ; r*t<D«*a>«Uie*SafflLTti 
cfct^o ^fc. W\zlk(DAjl^—$ (x5) tfilffiLT. 

(x3, x4, x5) ^;hca^iL. ^(ilu^<;u 

(u3, u4 f u 5) tmmCDMi'l^ r 3 &%X r 3 * 
[0 0 7 5] -T^t>*>. ±15Sl Hlfi^ffilCfclt^^fil 

Lfciv?-** x 3|cLfclf^. f(Dx3m (x 
1, x 2, x3) (x2, x3, x4) (x3, x4, 
x5) (7>3iiy ^;HcA*L. ^— ^yuJiOOEK 

[0 0 7 6] T^fc. !^flt 3ayt£lt-CI*<C<. (x 
1, x2, x3) (x2 f x3, x 4) (x3, x4 f 
x5) 0)^0 (x1 F x2, x3)<t(x2 F x3, x 



(12) 
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4), (x2, x3, x4)<h(x3, x4, x 5) , 
( x 1 , x 2 , x3) i (x3, x 4 , x 5 ) <7> 2 ffi y 

sftfflLtt.ai\ zn&^izLx* zLomemMi&m 

[oo77] (7) mimmwm 

S7Sss^s8*ift^-rSo 0 7i:*tf- 

tfrT*. -0)f-^Ki, Mt*St03ffl)f-ji 
(x1, x2, x 3) 0)te<7)x 1 t x 21*. *-*l£7?<7> 

l*4£:LT* ffittf) "i j" t x 3[Z^"r^g|4|Z7FL 
[0 0 7 8] 

[S[1l]D=|x3-ci jk| 

[0079] m7mmi&Mo>$>mT-$&&®8\*. & 

±&&m-&1*0>Tis* JUT— & t<D*tl?tlO)g:0)i&jtt 

mT-z?ji,±(D&m is<<j\,<Dm^it t £eh Ltz^—z? 

[0 0 8 0]ffc, ±IBA/D««»6 f PLL087 

p ? ^ ics^t^TT p tv^ ;Mi-s§^ 

L"<;U0>rta>±B» tj (D»|z«3*4Rl2rFa>#tt 
JUS-tEfcfiKD^ffiUUUt LTBSU ±ERS*jK 

[008 1] LfctfoT. C<D»7SJfcJM8<D*-r-f X 

ttt{z#it % ±B*ttu*A*o>#ffl*i*r=ttK£i*fe± 

7 s v £ ;b x— * £ ± E4MB£- 1± O t 5 £ ;u 7- £ <h <D ^ 



Lfc^fflU^uSiETOWtD^ttUKyut LT16 
^a^i? IwSrJ^TT-^ p fmm* & ■? i>$UHB#^ 

±E»y(DBtic«a-r**«)5 f ^*;uf r — 

A* Stifcx v$ yu^r— £ * ±Ef- fMz^i* 

[0 0 8 2] *tfE***LfcBIMfc 
t*^ t> 0I4MSSi^ P * * IZ&^T A/ D Kft 
U A/D£»LT4§fc>*Lfcm d &-ttf>B») lI<Z>g 

«HL JlEx— ^;Kclik d ELLttSft) lofflo 
Wfct & SHE u^;ua>*a^i*A* <t mfleoff «a>»tt*- 

^t 5 — ^A^ll-ML. ^S|-ri>n (= k +m) flCD^fil 

^jua>±&^ (*fisa>n^ay) icwjc-r^nfloo 

ft CO & a 0) m CD x — £ <7> fit <!: ± E m ® CO A 2l tt — £ O 

mt<D*ti?*uD^ (mil) o>ift»fiixi*=aia)#pA<« 
Vh£ <fc&*ffiu*;ucDJi££-i± day : m«) 

-r**«E»-r-*aaiis*t A/DK*Lr»&#tfc 

[0 0 8 3] S7|U6^«g<Z)*7 ; -f X^$±Si 

\zt$i+&±&T— yjv$mi*tz&mT— ztemmmiz-D 

l^T*6(zKWr*. -CD^flS^-^giaifflSrii. -t 

— (7>ftOBira)2^i (mr#o)k^i) (*«taj»^-eft* 

Zir^fiJ^LT. 3fgOf-^ (ftf(Dmi(Of- 
[0 0 8 4] CCDcfc^LT. C(7)m7HJfe^g|CD*r 

[O 0 8 5] (8) 8XME^ffi 

^;u*ftfi6LT*fil7 f --5««tB»8rtlc» 
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T. miz&MO "i j" £ x 3{ctt^&|I|4^Z7FL*:T• 
-^;^^S<t<Z>^gt<Dg/^<I£tt^ 

-*fcu«8rti::iMM-*. co^-^;k* s sis-ra 

$ (x1, x 2 f x 3) (Drt(Dx 1 

LT^ott^i: Lt, ffit<D 41 i " i:x2i:x3i: 

2C0D^g/Jv(^-r^ j k (iIbK;W -^CD^gtCD 

[0 0 8 6] 
[»1 2] 

D=| x2-b i j k | + | x3- c i jk| 
[0 0 8 7] «8SMi»S(D»tt7— »tttttt8tt % « 

r-*(Dffl^i*£ffsi:iA***i/=«ttj»Si<D i kdt 

[0 0 8 8]Sf:, ±EA/D»M6, PLL[h]S§7 
P ? £ 13*r5t>-C7^- □ <?m 

fc«wj»fta> i iofv^^f-^ y & 

^*fl)fv^ cfc y ti<J)fv^;i,f-^ <D£itib 

t^*i^fv^;i/f-$ \z&& l, ±ea*s*i 
few* no 5 — * tiBMihfcf-* t $±ie^- 

£>M<7>-^<Djfo*<mt,/h£ < tt«£fl u^<;uco^§^i±[z 

[0 0 8 9] LfcA^T, :OS8lMWf-fX 

asttStcD i i©f?$ Ao*— * ^^t;^fsaii y j^to 



SEttLfe^-- :7;u**U B*tti*l::Eft£*i 

0«ffltS»lc»r5<^ttuK;ua>«-&-H:*A*L. ^CD 
AA^Ftttc^fit U"^KD»*1*£ JiE-r— 
■CJtEatil^fta)^ 2?* yu^r— * J51R(D^i?^ 
I^JSt^&ia^fv^;i/f-$lcML, -hEA 
aStute^S?*^— * i:-bEESI*4xfc^-^ £ *± 

E-T-^;n=»^i^r**t**i<D«a)*»flta)«xi** 

[0 0 9 0] WIt 5 — 5^Ett**tfcE*« 

t> <DH * p >7 icS-Si^t A / D £& 

E^-^ucf±k (o&±a>M0 fiaexoatt-rs 

^mU^uco^^A^tm^OffS^m-r^^r-^ 
A*i::»U n (=k+m) i^Wtl/^l/O 

£*&^1± (^ffiCOnSay) lZ»Jtr*n«0)rtO!>*« 
CD m fi 0) ■? — £ 0) fit £ ± E m @ <D A Jl =r — $ CD ffi i: 0 * 

44*ll/^fl)fi4t (1 iiy : mffl) *(D»/J% 

2, . . . , j (2^ j ^nt'MlS) . k = ri- 
lp n-2, . . . , n - j j fiCD^— 

fflU i (1 ^ i ^ J TfftiiB) »l©f-7;Uw* 

ti&X'O (n - i ) fioaui-r *«tae 
fills ii^-^ ftasfflsstTa o 

[009 1 ] SsSglSWtta)*^^ 
izfeit^±Ei L -^;u*ffiu^fc^fiiir--^«lti3^ic^ 
i^TS&l:RWT6. ccr-li. H 8 <h 09 \z**i?1n 

^4flCD7 r — ^ (xl, x2, xi3, x4) JA^Lt 

x 3a)f^sttajt^s»s§t«« x i & 
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S^T. mXlt "0 0" V&Zkftfr^Tl^kT? 
£ 0 f:t% "oo" f x 3 £[H8 d^Lfc-x— :?;uz 

A*Lr^fau^;us 3<b^n0^/jvflir i &mz>o & 

IZ. "O" , x 3, x 4*0 9I^Lfcf- ^;uizA* 
Lt^lU^Kt3, t4) £Etta>flfc/MIr 2Si 

[0092] C^t\ r 1 < r 2 Sig^li. s3£ 
x 3 0&&1&mz?Z> o &tz. r 1 > r 2T*&£ig^ 
li,.t3Sx3fl)aiiUS*l:t4. r1=r2T*fc£i§ 
^1*. r1<r2. r 1 > r 2<DlvT:h,<D«$G>SWite 
m£S/BLTtJ:l\> £fc. SI^OA*^-* (x 
5) tffi^LT. (x3, x4, x5) £06lC^Lfc 
7 1 — ^UdAAU ^fitU^<;U(u3 f u4, u5) £ 
EIECDS/MI r 3 £#T r 3 **l]R|::£a&T t cfc I*. 

[00 9 3] ±IH^3||J6^ffi-e^Lfc*ffi 
f->«Hl»lSf-^»tfWLt6y, 06, 
0 8, ■9ic*n**i*Lfc*T-^;u*«fflLfcK* 
ic.fco-CT-^ttib^fTdo ::t\ fcttLfclvf*— * 
SxUU ^oitjcbx-*** "oo" 
ott^WK, xi£#<t;(o, o, x1) (o, x 

1, x2) (xl, x2, x3) fl)3iy*t*lfllB 
8, H9, §6 0)#f- ^;HzA*LTEKta>*/Wl36« 

[O094] !»f Lt 3<1<Z>T— ^;u*ffifflLft 

<Tt, (0, 0, xl) (O, x1, x2) £08<h 
0 9 iCf-ft-Ftta* Ltz 2 m&T— ?MzAj3 LTffiStO) 

ft. ak*0)mA«1 fr5n-C*«, ifr^tf) k *< n - 1 

[0095] §*3«<&x-?;u£{£ffl-r&i§ftl* (k 
+ m=n) T-fe£ 0 L*U n«g*8i (MUTCI* 2 

fl) (7)^— ^;u*ttfflLxt «fci*G>-e* m=1, 

2, . . , K k = n-1 , n — 2, . . . , n - j t» 

fc& j mo>*r— -?jistzii-Qi>&i\ j = i-eft*ti« 

-|C&£0)T?2^ j £ LTU5o A;fcir-$<7)»<>:*;ft 



[00 9 6] CCDct 5 (~ LTx ZOmsHSS^CO^ir 
[0 0 9 7] 

[Hi] -tJeWSMfl)*?^ x^s 

[B2] Hi (c^Lfc*^^ 1 0(z#flS^-^^tH 
[0 3] 01 [C^LfcSfcx-fX^ 1 OldlEg^tUcX/K 

[■4] C0&0jO>ijt5fc]3I1 &^2IC«^^*fflT-^ 

[as] ^<D*M(D«*a6ir«t>4*fit-7 s --5»«ai«a 

[0 6] Z0)*M(Dl»*a7i:9rw«t>**«-T— 

So 

[07] zo>*^(oa*^8iz«*5s^(fi^-^ftajffi 

[08] za>«na>M«grcflM3«M7— »«iaiA 

[09] ac<z.<o9t&o>m*m9\z%t>**toT—* 
&th&m\zmi*&T—'?)\'(D7*--'*y ^M$7fftmv 

$»4o 

1 :Xe>K;U^E— ^ 2 : IttfvZTvZr 
3 : 3tX£KB» 4 : -th— #M*BB 

5 : RF7>^ 6 : A/D^jfe^ 

7 : P L LBR 8 : £fSx-* ftUfll 

1 0 : 3tr-<X<7 
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